ABSTRACT: Select grade strip loins (n = 10) were enhanced 10% with either a phosphate or an acid solubilized protein solution. Color score, aerobic plate count, lipid oxidation, purge loss, cook yield, Warner-Bratzler shear force, and sensory analysis were measured to characterize storage quality. The phosphate injection consisted of 4.5% phosphate, 3.6% sodium chloride, 90.9% water, and 1% Herbalox seasoning. Two solutions were prepared for the protein injection: one consisting of 1:9 protein to water and the other an aqueous solution of 1% Herbalox seasoning and 3.6% sodium chloride. Enhancement solutions were injected twice at 5% to create a 10% total injection. It was found that the protein-enhanced steaks were comparable to phosphate-enhanced steaks for percent discoloration and overall acceptability. The phosphate-enhanced steaks performed better than the protein-enhanced steaks for lean color, fat color, aerobic plate count, lipid oxidation, percent purge, cook yield, and Warner-Bratzler shear force. It should be noted that for protein-enhanced steaks, lean color and cook yield, although statistically different, did perform similar to phosphate-enhanced steaks.
Introduction
T otal beef consumption on a carcass basis has been declining for several years. From 2000 to 2004, beef demand declined by over 3.5 kg/person (USDA 2006 ). An important factor in this decline in consumption is the industry's inability to consistently produce a tender product. Several authors have reported a wide range of tenderness variation between carcasses, between individual muscles from the same carcasses, and within individual muscles from different carcasses (Stuby-Souva and others 1994; Miller and others 2001; Belew and others 2003) . Miller and others (2001) reported that 15% to 20% of all steaks sold to consumers are considered to be "tough" and 13% of strip loins are considered tough by consumers (George and others 1999) .
Today's beef industry employs several postmortem treatments to help manage the amount of tough products sold to consumers. Some of the most common tenderness treatments are mechanical tenderization, electrical stimulation, postmortem aging, and phosphate enhancement. All current postmortem treatments have drawbacks such as health or cost effects, so there is always a search to find a new tenderness treatment. Phosphates present a health concern to certain segments in our society. Particularly, dialysis patients require low phosphate diets. Diabetes is the leading cause of end stage renal failure and the majority of dialysis patients are diabetics (NKODIC 2006) . Type II diabetes, largely resulting from obesity, is a significant health problem in the United States. Total direct and indirect costs are estimated at $132 billion (NCCOPHP 2006) . Improving steak palatability without the use of additives such as phosphates would be a valuable advancement for this segment of our society.
It is hypothesized that the use of solubilized proteins can provide an alternative to current enhancement solutions on the market to- MS 20060406 Submitted 7/21/2006 , Accepted 11/1/2006 (E-mail: christina. dewitt@okstate.edu). day. A protein solution containing solubilized myofibrillar proteins can be isolated from muscle using dilute alkali (pH 10) or acid conditions (pH 3). The objective of this study was to compare physical and chemical attributes of beef subprimal strip loins injected with a solubilized protein-enhancement solution to those injected with a commercially based phosphate enhancement.
Material and Methods

Sample collection
Paired beef strip loins (n = 10 pairs; IMPS #180) were obtained from randomly selected USDA Select quality grade carcasses aged for 2 d. Subprimals from each side of the carcass were tagged for identification, vacuumed packaged (Cyrovac B-2620 bag, Duncan, S.C., U.S.A.; water vapor transmission rate 0.5 to 0.6 g and oxygen transmission 3 to 6 cc m 2 ), transported in a refrigerated vehicle, and stored overnight at 4
• C until further analysis could be conducted.
Sample enhancement
The next day, initial (green) weight of each subprimal was recorded (Mettler Toledo Model SW, Mettler Toledo Co., Columbus, Ohio, U.S.A.). Each paired subprimal was randomly injected with either the control (phosphate) or treatment (solubilized protein) solution at 4
• C using a stitch pump enhancer (20 needles with an interior bore size of 25 mm run at 45 strokes per min at 2 PSI; Formaca Reiser Model FGM 2020S, Food Machine Co., Millbrae, Calif., U.S.A.) calibrated to inject at 105% of the recorded green weight. Needles penetrated the top of the subprimal to 5.08 cm from the bottom to deliver the enhancement solution.
2nd injection at 5% green weight was made using solubilized protein prepared according to James and Mireles DeWitt (2005) with some modifications. Briefly, beef trim was placed in a commercial bowl chopper (Seydelman Model #80075-1, Stuttgart, Germany) with 1 part water and chopped for 2 min, 4
• C. The slurry was further diluted with water until the final ratio of beef to water was 1:9. The pH was lowered to 2.5 using 50% food grade phosphoric acid (Fisher, Fair Lawn, N.J., U.S.A.). The slurry was then passed through a cheesecloth (Vertec Folded 4 PLY, Simpsonville, S.C., U.S.A.).
Phosphate solution
The phosphate-based solution consisted of 4.5% phosphate, 3.6% sodium chloride, 90.9% water, and 1% Herbalox Seasoning Type HT-W. Two injections at 5% were conducted to mimic the double injection utilized with the solubilized protein-treated samples.
Fabrication of subprimals into steaks
Treated subprimals were fabricated 30 min after injection into 2.54-cm thick steaks using a standard band-saw (Biro Model 3334, The Biro MFG. Co., Marblehead, Ohio, U.S.A.). Steaks were preweighed and individually placed into plastic trays (Cyrovac CS977, Duncan, S.C., U.S.A.) with absorbent pads (Cryovac DRI-LOC AC 50, Duncan, S.C., U.S.A.). Steaks were then packaged in modified atmosphere at 80% O 2 and 20% CO 2 with a seal time of 0.80 s, vacuum time of 1.65 s, compression time of 1.00 s, gas time of 1.75 s at 85 PSI with a flow rate of 24 NL/cycle at 6 atm, lid bobbin time of 0.10 s, lid unload time of 3.00 s, and a time-out/piston of 4.50 s (G. Mondini CV/VGS, Brescia, Italy). Steaks were sealed with oxygen barrier film (Cryovac Lid 1050/550, Lidstock, Duncan, S.C., U.S.A.) with less than 20.0 cc m 2 , at 4.44
• C at 100% relative humidity, oxygen transmission rate and a moisture vapor transmission rate of 0.10 g for 24 h, 100 in 2 at 4.44
• C, 100% relative humidity consisting of 1.0 mils nominal total gauge. Steaks were placed in boxes and put in a dark room at 4
• C for 4 d to simulate transportation to retail stores.
Steaks were then transferred to a retail case at 4
• C with cool white fluorescent lights (1600 to 1900 lux) for the remainder of the study, days 5 to 11.
Day 5 to 11 sampling
Once in the retail display case, steaks were color scored each day (8 am and 5 pm) until day 10. Two steaks were randomly selected from each treatment on days 5, 7, 9, and 11. One steak was used to measure retail case purge, cook yield, and shear force analysis. The other steak was used for sensory analysis. On days 5 and 9, a 3rd steak was randomly selected for aerobic plate count (APC) and 2-thiobarbituric acid reactive substances (TBARS) analysis.
Proximate analysis (AOAC 2000)
Three raw and 3 cooked steaks were randomly selected from each treatment on days 5, 7, and 9. Moisture analysis was conducted in accordance with AOAC method number 950.46. Fat analysis was conducted in accordance with method number 960.39. Ash analysis was conducted in accordance with method number 920.153. Protein analysis was conducted in accordance with method number 992.15.
Color score
Steaks were color scored (days 5 to 10) by a trained panel (n = 5) according to the Guidelines for Meat Color Evaluation (AMSA 1991) using a scale of 1 to 7. Each day results for lean color, fat color, and percent discoloration were averaged for the 5 panelists to create a mean value for each time period. Color scoring was performed on days 5, 6, 7, 8, 9, and 10.
Aerobic plate count
APC was conducted by Food Protech Inc. (Stillwater, Okla., U.S.A.) using standard APC petrifilm (3M, St. Paul, Minn., U.S.A.).
Lipid oxidation
On days 5 and 9, samples were removed from the retail display case, packaged in Whirl-Pak bags, and frozen at −20
• C until further analysis. Analyses were performed using procedures described by Buege and Aust (1978) with the following modifications: Since lipid oxidation is a surface phenomenon a 10 g sample was obtained from the surface of the steak (approximately 10 mm thick). Results were reported as TBARS representing mg malondialdehyde (MDA) equivalents per kilogram of fresh meat.
Purge analysis
Purge analysis was conducted by measuring the amount of moisture lost during the storage of the steak. Analysis was conducted on days 5, 7, 9, and 11.
Shear force
Shear force was conducted according to the Research Guidelines for Cookery, Sensory Evaluation, and Instrumental Tenderness Measurements of Fresh Meat (AMSA 1995) and measured using a Universal Instron Testing machine with a Warner-Bratzler shear head attachment (Model 4502, Canton, Miss., U.S.A.). Steaks were cooked to an internal temperature of 70
• C (medium degree of doneness)
using an impingement oven (Lincoln Model 1022, Lincoln Food Service Products Inc., Fort Wayne, Ind., U.S.A.). Steaks were tempered to room temperature prior to coring. Six cores from each steak were removed parallel to the muscle fiber orientation with a 3D Black and Decker Drill (Townson, Md., U.S.A.) modified to have a 1.27-cm-dia bore size with a maximum RPM of 2000. A cross-head speed of 200 mm/min was used during analysis. Individual shear force values for each steak were averaged and the mean was used in statistical analysis (Wheeler and others 1997) . The analyses were conducted on days 5, 7, 9, and 11.
Cook yield
Cook yield was determined by measuring the amount of liquid lost during the cooking of the steak. Analysis was conducted on days 5, 7, 9, and 11.
Sensory panel
Sensory analysis was conducted on steaks cooked to 70
• C according to the Research Guidelines for Cookery, Sensory Evaluation and Instrumental Tenderness Measurements of Fresh Meat (AMSA 1995). An experienced group of panelist (n = 20) routinely used in the evaluation of cooked steak products was briefed on the requirements and ballots being used for this study. Each panelist received 3 paired, randomly assigned steaks to evaluate (Table 1) . Each animal pair was seen 6 times by 6 different panelists. Cooked steaks were cut into 2.54-cm cubes for serving. Analysis was conducted on days 5, 7, and 9.
Statistical analysis
All results were analyzed using generalized least squares (PROC Mixed, SAS Inst. Inc., Cary, N.C., U.S.A.). Data for color score, purge analysis, cook loss, and shear force were analyzed as a split plot randomized block design with animal id as the block, treatment as the main unit treatment, day as the subunit treatment; error A was animal id by treatment, and error B was the error term. Data for APC and lipid oxidation were analyzed as a 2 × 2 factorial in a randomized block design with the block being animal id, factor A treatment, and factor B day. Data for sensory panel were analyzed as a paired experiment with combination blocks of animal id and panel id. Mean separation was accomplished using least significant difference. All tests were conducted at the nominal significance level of 0.05.
Results and Discussion
Enhancement
For phosphate and protein enhancement, a target percent pump weight was set at 110% of the green weight. The actual mean value for the phosphate-enhanced subprimals was 10.64% ± 0.98% and 9.96% ± 0.99% for protein-enhanced subprimals, which were injected first with a solution containing the same level of Herbalox and salt as used for the phosphate solution. Since only 1 injection was made with this solution, this meant that only half of the Herbalox and NaCl was delivered to protein-injected subprimals. The 2-injection system was used because labscale testing using syringes with needles of similar bore size to the Formaca Reiser proved problematic. A very thick emulsion formed when the Herbalox was added to the solubilized proteins. The emulsion was very difficult to pass through the needles using the syringe. For protein enhancement, it was decided to not double the amount of NaCl in the 1st injected solution because there was concern that the high level of salt may decrease the solubility of the injected proteins. Previous research has demonstrated (Hultin and Kelleher 2000) that the myofibrillar fraction of muscle foods is solubilized using low or high pH conditions in very dilute ionic conditions. However, from the results presented in the remainder of this article, there is an indication that a higher NaCl concentration may have been beneficial. Since the NaCl concentration was not being altered in the 1st injection solution and we were also unsure what effect a doubling of the rosemary during the injection process would have on the subprimal, it was decided for this study to just leave the Herbalox concentration the same as well.
Proximate analysis
Proximate analysis was conducted on the 3 randomly selected samples for each treatment time period (Table 2 ). The unenhanced steak values obtained were comparable to the USDA National Nutrient Database for Standard Reference for protein and ash. Fat and moisture results indicate our samples were trimmed of more fat than the USDA product. Enhancement increased moisture content and lowered fat content. Protein enhancement increased protein content. Phosphate enhancement increased ash content. Proximate re- sults confirmed expectations regarding composition of uncooked treated steaks. In the cooked steak, phosphate enhancement improved moisture content by about 2%. Protein-enhanced steaks began to differentiate in protein content by 5% at day 7 and 2% at day 9. Fat and ash values stayed consistent with the raw enhanced values.
Color score
For lean color, there was a significant treatment by storage time interaction. Treatments were significantly different in the morning evaluations on days 5, 6, 7, and 8. Differences were not apparent later in the evening. All other times performed in a similar manner between treatment types (Table 3 ). The moderately bright cherry red was apparent only on the 1st day of display for protein-enhanced steaks. Phosphate-enhanced steaks stayed moderately bright cherry red for 2 d of the display. Steaks from both treatements by the final day of the study were still slightly dark red, which would still be considered acceptable to the consumer. The overall average of 6.47 for the storage period for phosphate-enhanced steaks is comparable to Lawrence and others (2004) , where strip loins were injected with a 12% phosphate solution and stored for 5 d in a commercial retail case. The overall average of 6.13 for protein-enhanced steaks is slightly lower than the phosphate values but not significantly different.
For fat color it was found that there was a significant treatment by storage time interaction (Table 4 ). In general, phosphateenhanced steaks performed better with respect to fat discoloration Note: Carbohydrate determined by difference. USL = unenhanced strip loin raw; PhER = phosphate-enhanced strip loin raw; PrER = protein-enhanced strip loin raw; PhCD5 = phosphate-enhanced strip loin cooked storage day 5; PrCD5 = protein-enhanced strip loin cooked storage day 5; PhCD7 = phosphateenhanced strip loin cooked storage day 7; PrCD7 = protein-enhanced strip loin cooked storage day 7; PhCD9 = phosphate-enhanced strip loin cooked storage day 9; PrCD9 = protein-enhanced strip loin cooked storage day 9. a-f Means appearing in the same column with different superscripts are significantly different (P < 0.05). Note: 8 = bright cherry red; 7 = moderately bright color red; 6 = cherry red; 5 = slightly dark red; 4 = moderately dark red or brown; 3 = dark red or brown; 2 = very dark brown; 1 = extremely dark brown.
than protein-enhanced steaks. Differences did not become apparent until after the evening evaluation on day 6. At day 5 the fat color for both samples were rated as mostly creamy white. By day 10, however, that fat in phosphate-enhanced steaks was still rated as mostly creamy white while in protein-enhanced steaks it was slightly tan in color. For percent discoloration (Table 5) , it was found there was no significant treatment main effect or a significant treatment by storage period interaction. Protein-enhanced steaks were able to retain the red color as well as the phosphate-enhanced steaks. Overall, percent discoloration of enhanced steaks from this project was 1% to 10%, which was better than Lawrence and others (2004) at 11% to 25% discoloration.
Aerobic plate count
For APC there was a significant treatment and day main effect (Table 6 ). For this study the interaction between treatment and storage period resulted in a P-value of 0.0553. Since the P-value was so close to the 0.05 significant cutoff for this study, it was determined to go ahead and call it a significant interaction effect of treatment by storage period. At day 5, levels of APC bacteria were not significantly different and bacterial loads were approximately 4 logs. Several authors have reported an increase in microbial load due to the injecting of products because of the increased area for microorganisms to grow (Cannon and others 1993; Robbins and others 2003) , thus suggesting that increased APC counts in injected meat is probably caused by this effect. By day 9, steaks treated with Note: 8 = creamy white; 7 = mostly creamy white; 6 = slightly tan; 5 = tan; 4 = slightly brown; 3 = moderately brown; 2 = brown or slightly green; 1 = dark brown or green. m,n a-n Means appearing in the same column with different superscripts are significantly different (P < 0.05). Note: 7 = none; 6 = 1 to 10%; 5 = 11 to 25%; 4 = 26 to 50%; 3 = 51 to 75%; 2 = 76 to 99%; 1 = complete.
the protein-enhancement solution were 2 logs higher in APC than phosphate-treated steaks. All values are within the acceptable limit of bacteria for steaks as reported by Morris and others (1997) . It was determined that the phosphate treatment did a better job of inhibiting the growth of aerobic bacteria during the course of the study. One factor that might have contributed to lower APCs in the phosphate-enhancement solution is the higher amounts of sodium chloride found in the solution at 0.36% compared to 0.18% injection found in the protein-enhanced steaks. In addition, evaluated levels of APC could be attributed to the additional protein that was injected back into the protein-enhanced steaks. Since preparation of the solubilized protein solution was not automated, the time involved in its preparation could be another contributing factor. An automated process for protein solubilization may help decrease contamination. The values reported for phosphate-enhancement treatments are comparable to those reported by Pietrasik and others (2006) at day 5 of approximately 4 logs. However, the day 9 levels for phosphate-enhanced steaks were well below the approximate 7 logs reported by Pietrasik and others (2006) , suggesting that the phosphate treatment performed better than in previous studies.
Lipid oxidation
According to Faustman and others (1989) , the accumulation of carbonyl compounds by oxidation of unsaturated fatty acids and meat phospholipids is correlated with myoglobin oxidation in fresh beef. Highly unsaturated fatty acids and their proximity to myoglobin in meat will cause the microsomal lipid oxidizing system to be a potentially important inducer of oxidation of myoglobin (Lin and Hultin 1977) . It was found that lipid oxidation and pigment oxidation in fresh meat were closely coupled (Greene and others 1971; Renerre 1990 ), in turn implying delaying lipid oxidation should result in the delay of meat discoloration. The main indicator of lipid oxidation in meat is the presence of TBARS. Many researchers have characterized meat samples having a TBARS level of 1.0 mg/kg as having oxidative flavors that could be detected by trained consumer panels.
There was neither a treatment by storage period interaction nor a main storage period effect on lipid oxidation. However, a significant main treatment effect was observed with the phosphate treatment performing better than the protein-enhanced treatment (Table 7) . The phosphate treatment average for both days 5 and 9 was below 1.0 mg/kg. The protein enhancement at day 5 and 9 was already over the detectible limit, thus indicating that the protein enhancement did not perform as well. Antioxidant level in the enhancement solution could be a contributing factor to higher lipid oxidation in protein-enhanced steaks. The TBAR values for the phosphate treatment were comparable to the 0.61 reported by Pietrasik and others (2006) .
Purge analysis
For percent purge there was a significant treatment as the main effect. There was neither a significant storage period main effect nor a treatment by storage period interaction effect. At day 5, the initial purge loss was significantly lower for phosphate-enhanced steaks (Table 8) . Elevated purge levels in the protein possibly could be associated with the protein not binding to the meat due to there not being enough protein in the solution to create a good matrix for binding. It is suggested that a higher protein ratio in the protein solution may improve water binding. In addition, use of a higher salt concentration in the protein-injected steaks may not have the negative effect originally hypothesized with the protein-based injection solution. A lower salt concentration was selected because it was originally felt that salt might decrease the solubility of the proteins in the solubilized protein solution and therefore decrease their functionality. However, the high purge levels experienced by the protein-injected steaks may have resulted from insufficient levels of salt. Improved solubilization of strip loin meat proteins by salt may enable them to interact better with the solubilized proteins being injected into the meat. Phosphate purge levels for the strip loin steaks are in agreement with Pietrasik and others (2006) of 2.61% compared with 2.71% for phosphates over all days. However, they are approximately half that reported by Lawrence and others (2004) of 4.5 % to 5%.
Cook yield
Cook yield is a measurement of how much water is lost during cooking. For cook yield percentage there were significant treatment and storage period main effects. There was not a treatment by storage period interaction effect. For day 5, phosphate and protein varied by approximately 2% at 26% and 28%, respectively (Table 9 ). This trend stayed consistent throughout the study, with phosphateenhanced streaks always having the lower or better percent cook yield. Rhee and others (2004) reported slightly lower strip loin cook yields, 19% to 23%. Lawrence and others (2003) reported comparable findings, 19% to 25%.
Warner-Bratzler shear force
It was determined there was a significant treatment main effect; however, there was neither a significant storage period main ef- fect nor a treatment by storage period interaction effect. The values for phosphate-enhanced steaks performed better than the proteinenhanced steaks (Table 10) . It should be noted that both samples fell into the tenderness category of "tender," Warner-Bratzler shear force < 4.5 kg (Bratzler 1949 
Sensory panel
There was a significant treatment effects on all 3 different categories: tenderness, juiciness, and connective tissue. There were no significant storage period main effects or treatment by storage period interactions on any of the 4 sensory categories.
Panelists evaluated phosphate-enhanced steaks as being significantly more tender and juicier, containing less connective tissue, and being, overall, more acceptable (Table 11) . Tenderness evaluations reported by Lawrence and others (2004) on phosphateenhanced strip loins were slightly lower (6.4 on a scale of 1 to 8, with 8 being extremely tender and 1 being extremely tough).
Although phosphate-enhanced steaks were significantly juicier (5.7 compared with 5.08), both treatments were categorized by panelists as slightly juicy. The values for phosphate-enhanced steaks again agree with Lawrence and others (2004) and are slightly lower than values of 6.07 reported by Vote and others (2000) .
Connective tissue values were reported as slightly abundant (3.44) for phosphate-enhanced steaks and moderately to slightly abundant (2.91) for protein-enhanced steaks. The phosphate-based enhancement solution values differ slightly from those reported by Lawrence and others (2004) . They reported practically none to no connective tissue. The reasons for increased connective tissue scores 2.91 ± 0.80 e a 8 = extremely tender; 7 = very tender; 6 = moderately tender; 5 = slightly tender; 4 = slightly tough; 3 = moderately tough; 2 = very tough; 1 = extremely tough. b 8 = extremely juicy; 7 = very juicy; 6 = moderately juicy; 5 = slightly juicy; 4 = slightly dry; 3 = moderately dry; 2 = very dry; 1 = extremely dry. c 4 = None; 3 = slightly abundant; 2 = moderately abundant; 1 = extremely abundant.
d,e Means appearing in the same column with different superscripts are significantly different (P < 0.05).
could be attributed to lower values of juiciness reported since when there is more moisture involved in the sample, it can reduce the amount of connective tissue observed (Morris and others 1997) . Phosphate-enhanced steaks received an overall score of slightly desirable while the protein-enhanced steaks received a score of acceptable.
Conclusion
T he effect of a very low pH (2.5) injection solution on meat color was a significant concern in this study. It was demonstrated that injecting steaks with a low pH solution did not discolor steaks. However, it was also found that the phosphate-enhanced steaks performed better than protein-enhanced steaks.
